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^= (54) Titie: COMPOUND PHASE ENCODING FOR PRINTED SERVO PATTERNS 



SO 




^ (57) Abstract: A type of servo pattern suitable for tracking systems in magnetic recording devices such as floppy disks or linear tape 
Q or thin hard disks or in other machines. The pattern comprises several phase-encoded elements that provide an absolute transverse 
^ position coordinate from local data. Computations can be made with channel chips commonly used in magnetic recording disk 
1^ drives. 
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AMENDED CLAIMS 

515 [received by the International Bureau on 26 August 2004 (26.08.2004); 

original claims 1-13 replaced by new claims 1-18 (8 pages)] 



1 , A compound phase pattern for use on a reference surface of a machine such as a magnetic 
recording device to compute the cross-track position relative to said pattern, said pattern 
520 described in logical coordinates in the time or down-track direction and in the orthogonal or 
cross-track direction, said pattem comprising a plurality of full servo blocks, and said full 
servo blocks comprising: 

a. basic elements in the fomi of slender parallelogran[is with detectable transitions at 
their long e^es, and 

525 b. certain of said basic elements called timing elements witit said detectable transitions 
along isochrones or lines of equ^ values of said time coordinate, and 
c. one or more special groups of said timing elements to distinguish certain of said servo 
blocks or to identify a particular location as a timing reference within said servo 
blocks, and 

530 d, a plurality of phase bursts or groups of basic elements at predetermined angles 

relative to said isochrones and with various predetermined pitches in said cross-track 
direction, and with the same period X in said down-track direction and spanning 
predetermined numbers of cycles in said down-track direction, 

535 whereby both fine and coarse components of said cross-track position can be computed fcom 

phase information of data obtained from a transducer scanning said compound phase 

pattem only once in said down-track direction, and 
hereby the small variation of widths of said basic elements mitigates magnetic tpnsfer of 

said pattem to said reference sur&ce of said magnetic recording device, and 
540 whereby said compoxmd phase pattem can be used as the final servo pattem for said magnetic 

recording device. 

2. Claim 1 wherein two of said phase bursts, designated burst A having phase 3)a and burst 
B having phase Ob , comprise said basic elements with the same cross-track pitch and with 
545 slopes of the same itnagnitude but of opposite sign in said logical coordinates, and wherein the 
fundaments phase difference or <E^ can be computed fix)m: 
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if Oa ^ ^ then O© = Oa - Qb else Oo = Oa - Ob + 27t 
v4iereby said Oo varies wifli said oross-track coordinate at twice the rate of Oa or <I>b. 

3. Claim 2 wherein said phase hursts o&er tiian burst A or burst B form an ordered sequence 
called hi^er order hursts, and each of said higher order bursts has said cross-track pitch 
equal to a predetermined integer multiplier times said cross-track piteh of said <Do , 

555 vsliereby a predetermined constant or basic ofifeet can be added to the measured phase of each 
of said higher order bursts and Has result can be normalized to form its adjusted phase 
or principal value in the standard interval starting at 0 and including all positive 
v^ues less than In , and witii each of said principal values of said higher order bursts 
having value zero at the same cross-track location as a particular zero of said <E>o. 

560 

4. Claim 3 v^erein said integer multipliers of said hi^er order bursts are relatively prime, 
and said adjusted phase of each of said hi^ier order bursts determines a unique segment 
index equal to tiie integer jwrt of Ihe product of said adjusted phase and said integer 
multiplier divided by 2ii, and Ihe unique cycle number of said least significant phase can be 

565 computed ftom a predetermined algoritiun based on said segment indices obtained for each of 
said hi^er order bursts, and said cross-track position coordinate can be computed as the sum 
of said unique cycle number plus Ihe fraction given by said 4»o divided by 2n , 

whereby said cross-track position is unique over tiie number of cycles equal to the product of 
570 said relatively prime integers describing said cross-track pitehes of said higher order 

bursts, and 

whereby said cross-track position can be scaled to any convenient range. 

5. Claim 3 wherein said cross-track piteh of the first of said ordered sequence of said higher 
575 order bursts equals a first integer or burst-specific radix times said cross-track piteh of Oo 
and said cross-track piteh of all olher of said hi^er order bursts equals a burst-specific radix 
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times said cross-track pitch of tibie preceding member of said ordered sequence of said higher 
order bursts, 

580 hereby the integer part of the product of said adjusted phase of said higher order burst and 
said burst-specific radix divided by 2n forms the segment index for said higher order 
bursty and 

whereby said segment indices can be combined with said radices in a positional number 
system to identify a unique cycle number of ®o , and 
585 v/beidby the cross-track position coordinate can be computed as said unique cycle number 
plus said ©0 divided by 271, and 
whereby said cross-track position can be scaled to any convenient range. 

6. Claim 5 wherein said servo pattern further comprises a plurality of short servo blocks that 
590 contain only a plurality of said phase bursts, 

whereby the sample windows for said phase bursts of said short servo blocks are detenrdned 



595 \4iereby more of the reference sur&ce is available for other iises. 

7. A ^stem for computing the absolute cross-track position of a read-write transducer of a 
magnetic recording device comprising: 

a. A compoimd phase pattern on a recording surface of said device defined by basic 



by time delays measured firom a preceding one of said servo blocks, and other values 
of said phase information are taken firom a preceding one of said servo blocks, and 



600 



elements or slender par^elogram shaped regions with magnetization opposite the 
background state, said basic elements described in logical coordinates in the time or 
down-track direction and in the perpendicular or cross-track direction comprising: 
(i) tinung elements or certain of said basic elements with long edges or transitions 



605 



along isochrones or lines of equal values of said time coordinate, and 
(ii) an ordered sequence of phase bursts comprising certain of said basic elements 



with long edges at an angle relative to said tinung elements, with the same 
predetermined pitch in tiie down-track direction, and with various burst-specific 
cross-track pitches; 
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b. a first means to scan said pattern with said read-write transducer during relative 
610 motion in said down-track direction; 

c. a second means to compute phase information fi:om the signal generated by said 
transducer as it scans said phase bursts in said down-track direction; 

d. a third means to combine said phase information from said phase bursts to compute a 
unique cross-track position defined over a range determined by said pitches of said 

615 phase bursts; 

whereby said absolute cross-track position is computed from said phase information of a 

sin^e scan of locdl data of said pattern, and 
whereby the small variation of line widths mitigates magnetic transfer of said pattern to a 
620 recording medium, and 

whereby contemporary read-write channels can be used to analyze said phase information in 
said magnetic recording device. 

Claim 7 wherein two of said phase bursts designated burst A and burst B comprise said 
625 basic elements with the same cross-track pitch and with slopes of the same magnitude but 
opposite signs in logical coordinates and said first means and said second means yield 
corresponding phase values Oa aud 4>b and said third means combines said phase 
mfonnation to form the frindamental phase difference or 4>o according to: 
if Oa ^ Qb then O© = Oa - Ob else Oo = Oa - Ob + 27i: , 
630 v^ereby said O© varies in said cross-track direction at twice the rate of Oa- 

9. Claim t wherein said cross-track pitches of said phase bursts otiier flian said A and said B 
bursts are all integer multiples of hatf the pitch of said A or said B burst. 

635 10. Claim 9 wherein said second means to compute phase information adds a burst-specific 
constant ofl&et to the measured value of said phase of each of said higher order bursts and 
then normalizes the result to form its adjusted value m the standard mtervai that starts at 0 
and mcludes ail positive values less tiian 27C, and so tiiat said adjusted values of all of said 
higher order adjusted phases have a zero located at a particular zero of said ®o. 
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11. Claim 10 wherein ratios of said cross-track pitches of said higher order bursts are all 
relatively prime integers times the cross-track pitch of said <Do ,and said third means forms 
the product of said relatively prime integer with the ratio of said adjusted phase over 2ti, and 
the mteger part of said product forms the segment index of said hi^er order burst, and said 
645 third means computes the unique cycle number of said Oo from a predetermined algorithm, 
and said cross-track position coordinate is conq)Uted as the sum of said cycle number phis ibs 
fraction of a cycle given by said 0» divided by 2n , 



vsliereby said cross-track position coordinate can be sc^ed to any convaiient range. 



12. Claim 10 wherein the ratio of said cross-track pitch of the first of said ordered sequence 
of hi^er order bursts is an integral multiple or first burst-specific radix times said cross-track 
pitch of «»o , and said cross-track pitch of successive members of said ordered sequence of 
hi^er order bursts is a burst-specific radix times said cross-track pitch of the preceding of 

655 said hi^er order bursts, and said third means forms Ihe product of said burst-specific radix 
wilh the ratio of said adjusted phase over 2it, and flie integer part of said product forms the 
segment index of said hi^er order burst, and said third means com|)utes the unique cycle 
number of said Oq as a positional number based upon said segment indices and said radices, 
and said cross-tiack position coordinate is computed as the sum of said cycle number plus flie 

660 fraction given by said Oo divided by 27C, 

M^iereby said cross-track position coordinate can be scaled to any convenient range. 

13. A mefliod of computing a cross-track position coordinate for a system comprismg steps: 
665 a. providing a compound phase pattern defined in logicd down-track and cross-track 
coordinates on a scannable surfece of said system, said pattern conq)rising extended 
servo blocks conq)rising strips or regions m Ihe form of slender pardlelogtams with 
detectable edges wherein: 

(i) certain coflections of said sHips caUed timing elements have said detectable 
670 edges at constant values of said down-track coordinate and certain of said timing 
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elements provide a timing reference and otiier groups of said timing elements 
identify said extended servo blocks or identify a certain position within said 
extended servo blocks, and 
(ii) a plurality of phase bursts each comprising phase elements or certain of said 
575 strips spaced witiithe same period X in said down-track direction and with said 

phase elements of each of said phase bursts at the same predetermined angle 
relative to said timing elements, said predetermined angle being unique for each 
of said phase bursts; 

b, providing transducer means to scan said compound phase pattern at essentially 

6«0 constant relative speed in said down-track direction to produce a read signal ftom said 

detectable edges; 

c. providing signal processing means to measure flierawphases of portiom of said re^ 
signal from each of said phase bursts and to select Ihe principsd value in Ihe standard 
interval starting at 0 and including all positive values less than 2n; 

685 d. providing computation means to combine said phases and determine said cross-track 

position; 

e. executing a self-test procedure to measure actual characteristics including minor 
alignment errors and eccentricity of said compound phase pattern; 

f . recordhig results of said self-test procedure in a memory component of said system 
690 for use in later operatioi^ 

g« operating said system with steps comprising: 

(i) retrieving said results of said self-test procedure from said memory component 

(ii) scanning said compound phase pattern with said transducer means to produce 
said read signal 

695 (iii) using said signal processing means to measure said phases of said phase bursts 

(iv) applying said computation means to combine said phases and said results of 
said calibration procedmre to determine said cross-track position 

14. The method of claim 13 wherein 
700 a. two of said phase bursts, designated burst A and burst B, have said phase elements 
witii slopes of the same magnitude but of opposite sign in said logical coordmates, 
and 
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b. all other of said phase bursts form an ordered sequence of higher order bursts wherein 
the first higher order burst of said ordered sequence has said cross-track period that is 
705 an integer multiple or first radix times half of said cross-track period of burst A or 

burst B and herein said cross-track period of other members of said ordered 
sequence of higher order bursts is equal to a burst-specific radix times the cross-track 
period of the preceding member of said ordered sequence of hi^er order bursts. 

710 15. Hie method of claim 14 wherein during said operating step: 

a. tiierawphaseof each of said phase bursts is measured, and 

b. said results of said self-test procedure are used 

(i) to add a standard offset to said raw phase of said B burst so that, on avers^e, 
Ob =^ at values of said cross-track coordinate where Oa = ^/2, and 
715 (ii) to add a burst-specific offset to said raw phases of aU said higher order phase 

bursts so the resulting phases have, on average, a zero at a particular cross-track 
location where Ob = Oa, and 
(iii) to compute the fundamental phase difference or Oo as 

ff Oa ^ OB<iienOo = OA-OBelse Oo^Oa-Ob + Zt? ; 
720 c. the resulting phase value of the first of said ordered sequence of higher order phase 
bursts is adjusted by adding (u - Oo ) / (said first radix), and by adjusting said 
resulting phase of other members of said ordered sequence of higher order bursts by 
adding {iz - said adjusted phase of the preceding higher order burst ) over said 
burst-specific radix to urge said resulting phase value to the middle of the appropriate 
725 phase segment, and normalizing said adjusted phase to the principal value in the 

standard interval starting at 0 and containing all positive values less than In^ and 
d. forming the result of multiplying said normalized phase value by said burst-specific 
radix and dividmg by 2n then selecting the integer part of said residt as the segment 
index for said phase burst, and 
730 e. combmiag said segment uidices and said first radix and said burst-specific radices in a 
positional number system to provide the unique cycle index of the fimdamental phase 
as the integer part and adding the fraction of said Oo divided by 2n to make said 
cross-track position coordinate. 
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735 16, Hie mefliod of claim 1 5 wher^ smalt values of clock eiror x wer computed from: 

and said clock eiror x is Subtracted fiom said resulting phase value of step (1 5. b.) before 
normalizmg 

740 

17. The method of claim 1 5 wherein said predetermined angle of said phase elements of one 
of said higher order bursts is zero, and said clock error x is computed as the variation of said 
phase from its average value, and said clock error x is subtracted from said resulting phase 
of step (15. b.) before normalizmg. 

745 

1«. Hie mettiod of claim 15 wherein said pattern furflier comprises short servo blocks, said 
short servo blocks containmg only certain of said position phase bursts, and wherein 
sampling windows for reading said signal from said phase bursts of said short servo blocks 
are determined by timii^ delays measured from a previous servo block, 

750 

whereby additional area of said scannable surface of said system is made available for other 
uses. 



755 
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STATEMENT UNDER ARTICLE 19 (1) 



Claims 1, 7, find 13 have been revised to more clearly show ihat the 
present invention provides absolute position information from data 
scanned during one pass of a read transducer. Hence this invention 
can be used as the final servo pattern for magnetic tape or disk 
systems, and it differs from the self servo write methods of cited 
references GB2361576, US5570247, and US6304407. 



